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CALIBRATION USING HORN IN THE PHASE AMPLITUDE METHOD
OF ANTENNA AXIAL RATIO MEASUREMENT
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The Overseas Telecommunications Commission utilises the INTELSAT satellite
system to provide a range of international telecommunications services for
Australia via spacecrafts located over the Pacific and Indian Ocean regions
and earth stations situated at Melbourne, Moree, Ceduna and Carnarvon.

The rapidly growing demand for higher satellite transmission capacity in
the INTELSAT system has necessitated the adoption of technigues which allow
the efficient utilization of bandwidths presently allocated to the
international-fixed-satellite service (IFSS) [1].

One method available to reduce spectral loading involves the reuse of
existing frequencies through spatial isolation between multiple exclusive
beams of identical frequency but different shape, size and canting angle
designed to illuminate separate areas on earth. Another technigque which
enables frequency reuse is that provided by means of discrimination between
orthogonal circular or linear polarizations (2].

The new INTELSAT V satellites [3] achieve a four-field reuse of
frequencies in the assigned 6GHz transmit (5.925-6.425) and 4GHz receive
(3.7-4.2) pands by virtue of spatially isolated East and West hemispheric
beams and by discrimination between dual circular polarizations, as
illustrated in Figure 1 below.
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Figure 1: INTELSAT V Indian Ocean Coverage
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With the introduction of this dual polarization technology on the
spacecraft, earth stations are required to be capable of the simultaneous
transmission and reception aof both the left-hand and right-hand senses of
circular polarization, The co-channel isolation between each sense of
polarization determines the extent to which the channel capacity can be
doubled and has therefore become a significant performance parameter requiring
precise and accurate measurement.

OTC(A) has recently commissioned new earth stations and upgraded existing
antennas at Ceduna and Moree for dual polarization operation in the Indian and
Pacific Ocean regions, respectively [4]. Prior to gaining access to the
international network, it was necessary to verify that the polarization
performance of each station was fully compliant with INTELSAT's mandatory
requirement of 1.06 (0.5dB) for the antenna axial ratio.

In order to measure the axial ratio of the earth station antenna
accurately and to overcome the limitations imposed by existing techniques such
as the Direct Isolation method [5] and the Null method [6), the
Phase-Amplitude method [7] of measurement was utilised by means of the
polarization reference antenna (PRA) and Measurement System (MS) procured from
Mitsubishi Electric Corporation [8], shown in Figure 2 below.
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Figure 2: Polarization Reference Antenna and Measurement System

This system was essentially designed for earth stations with the facility
of precision 45 degree couplers fitted in their feeds for the purposes of
calibrating the phase and amplitude of the test signal. However, many
existing earth stations accessing the INTELSAT metwork such as Ceduna 2 and
Moree 1 do not have such couplers, so that some other means of calibration is

required.
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The horn method of calibration was specifically devised for calibrating
OTC(A)'s earth station antennas. It consists of locating a linearly polarized
horn in the mouth of the beam waveguide in the antenna's aperture. The horn
samples the test signals radiated to it and returns it to the measurement
system for phase and amplitude calibration in the transmit measurement.
Conversely, in the receive measurement, the signal radiated by the horn is
passed on to the measurement system via the receive feed ports of the antenna.

Using this technique, OTC(A) successfully provided consultancy services to
the New Zealand Post Office in the polarization performance measurements of
Warkworth 2.

This paper will describe the theory behind the horn calibration method anag
how it can be used in the phase amplitude method of antenna axial ratio
measurement.,
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